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(54) High efficiency laser diode packaging 

(57) A laser diode package includes a laser diode, a 
heat sink and a lid. The laser diode has an emitting sur- 
face, a reflective surface opposing the emitting surface, 
and first and second surfaces between the emitting sur- 
face and the reflective surface. The laser diode has a 
diode height defined between the emitting surface and 
the reflective surface. The heat sink has an interior sur- 
face, an exterior surface opposing the interior surface, a 
top surface and a base surface. The height of the heat 
sink is defined between the top surface and the base 
surface and is approximately less than four times the 
laser diode height. The first surface of the diode is 



attached to the interior surface of the heat sink with a 
first solder. The base surface of the heat sink is coupled 
to a thermal reservoir. 

The lid is attached to the second surface of the laser 
diode via a second solder. An upper end of the lid is 
near the emitting surface of the laser diode. A lower end 
of the lid is typically slightly below the reflecting surface 
of the laser diode. A plurality of laser diode packages 
are grouped together to form an array. The heat sink of 
each of the laser diode packages is attached to a back- 
plane which is then connected to a thermal reservoir. 
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Description 

FIELD OF THE INVENTION 

The present invention relates generally to lasers 
diodes and, in particular, to a package for a laser diode 
that reduces the thermal resistance between the junc- 
tion of the laser diode and the ultimate thermal reser- 
voir. 

BACKGROUND OF THE INVENTION 

Semiconductor laser diodes have numerous advan- 
tages. They are small in that the widths of their active 
regions are typically submicron to a few microns and 
their heights are usually no more than a fraction of a mil- 
limeter. The length of their active regions is typically less 
than about a millimeter. The internal reflective surfaces, 
which are required in order to produce emission in one 
,. direction, are formed by cleaving the substrate from 
which the laser diodes are produced and, thus, have 
high mechanical stability. 

High efficiencies are possible with semiconductor 
laser diodes with pulsed junction laser diodes having 
external quantum efficiencies near 50% in some cases. 
Semiconductor lasers produce radiation at wavelengths 
from about 20 to about 0.7 microns depending on the 
choice of semiconductor alloy. For example, laser 
diodes made of gallium arsenide with aluminum doping 
(AIGaAs) emit radiation at approximately 0.8 microns 
(-800 nm) which is near the absorption spectrum of 
common solid state laser rods and slabs made from 
Neodymium doped, Yttrium-Aluminum Garnet 
(Nd:YAG), and other crystals and glasses. Thus, semi- 
conductor laser diodes can be used as the optical 
pumping source for larger, solid state laser systems. 

Universal utilization of semiconductor laser diodes 
has been restricted by thermally related problems. 
These problems are associated with the large heat dis- 
sipation per unit area of the laser diodes which results in 
elevated junction temperatures and stresses induced by 
thermal cycling. Laser diode efficiency and the service 
life of the laser diode is decreased by increases in junc- 
tion temperature. 

Furthermore, the emitted wavelength of a laser 
diode is a function of its junction temperature. Thus, 
when a set output wavelength is desired, maintaining a 
constant junction temperature is essential. For example, 
AIGaAs laser diodes used to pump a Nd:YAG rod or 
slab should emit radiation at 808 nm since this is the 
wavelength at which optimum absorption exists in the 
Nd:YAG. But, for every 3.5°C to 4.0°C deviation in the 
junction temperature of the AIGaAs laser diode, the 
wavelength shifts 1 nm. Thus, controlling the junction 
temperature and, thus, properly dissipating the heat is 
critical. 

When solid state laser rods or slabs are pumped by 
emissions from laser diodes, dissipation of the heat 
becomes more problematic. Since each individual diode 



is quite small, it becomes necessary to closely pack a 
plurality of individual diodes into arrays in order to gen- 
erate the required amounts of input power to the larger, 
solid state laser rod or slab. However, when the packing 
5 density of the individual laser diodes is increased, the 
space available for extraction of heat from the individual 
laser diodes necessarily decreases. This aggravates 
the problem of heat extraction from the arrays of individ- 
ual diodes. 

io One known package which attempts to resolve 
these thermally-related problems includes the use of a 
thin, thermally conductive ceramic structure, like beryl- 
lium oxide, which is bonded to a thermal reservoir. The 
ceramic structure includes straight grooves cut therein 

is in which the individual laser diodes are placed. A metal- 
lized layer extends from groove to groove to conduct 
electricity therethrough and supply electrical power to 
each of the plurality of laser diodes. The laser diodes 
are soldered in the grooves to the metallized layer. 

20 However, this known package has several prob- 
lems. For example, laser diodes typically have a slight 
curvature due to the process by which they are made. 
Placing, a curved laser diode in the strainht nmnwo r»f 

------ zj- .. a- ~~ ■ w 

this known package results in additional stress on the 

25 laser diode and an uneven solder bond along the length 
of the laser diode which can lead to failure. Also, the 
bottom side of the laser diode in the groove, which is the 
reflective surface, cannot be cleaned after it is installed 
which may lead to failures. Additionally, most ceramics, 

30 even beryllium oxide, have a lower thermal conductivity 
than conductive metals such as copper or silver. If beryl- 
lium oxide is used, further problems arise since it is a 
toxic material and cutting grooves produces airborne 
dust particles. Lastly, because it is extremely difficult to 

35 test a laser diode by itself (i.e. not in a package), solder- 
ing an untested laser diode into a groove results in an 
array which may have laser diodes that do not provide 
optimal performance. Extra cost is then incurred for the 
removal of a poor performing laser diode. 

<o Therefore, a need exists for a highly conductive 
laser diode package that is easy to assemble, provides 
structural support to the laser diode during handling and 
transportation, allows for cleaning of the reflective sur- 
face of the laser diode after assembly, provides for test- 

45 ing of individual laser diodes before their assembly into 
an array, and is produced from non-toxic, inexpensive 
materials. 



SUMMARY OF THE INVENTION 
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A laser diode package includes a laser diode, a 
heat sink and a lid. The laser diode has an emitting sur- 
face, a reflective surface opposing the emitting surface, 
and first and second side surfaces between the emitting 
55 surface and the reflective surface. The laser diode has a 
diode height defined between the emitting surface and 
the reflective surface. 

The heat sink has an interior surface, an exterior 
surface opposing the interior surface, a top surface and 
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a base surface. The height of the heat sink is defined 
between the top surface and the base surface and is 
less than approximately four times the laser diode 
height. The first surface of the diode is attached to the 
interior surface of the heat sink with a first solder layer. 
The base surface of the heat sink is coupled to a ther- 
mal reservoir. 

The lid is attached to the second surface of the 
laser diode via a second solder layer. An upper end of 
the lid is near the emitting surface of the laser diode. A 
lower end of the lid is typically slightly below the reflect- 
ing surface of the laser diode. A region below the reflec- 
tive surface between the interior surface of the heat sink 
and the lid is filled with an inert gas, usually air. 

The heat sink and lid are typically made from an 
electrically conductive material. When electrical power 
is applied to the laser diode package, electromagnetic 
radiation if produced at the junction of the laser diode 
and emitted at the emitting surface. Also, a substantial 
amount of heat is produced. Because of the minimal 
height of the heat sink, the laser diode package has a 
minimal thermaJ resistance between the junction and 
the thermal reservoir to which the base surface is cou- 
pled. Consequently, the junction temperature is mini- 
mized. 

Furthermore, the laser diode package of the 
present invention exposes more of the laser diode, 
especially at its reflective surface, than known packages 
which facilitates cleaning after the laser diode has been 
soldered into the package. Also, the laser diode pack- 
age provides for structural integrity to the laser diode 
during handling and transportation. And, the package 
provides easy testing of the laser diode prior to assem- 
bly into an array. 

A plurality of laser diode packages are grouped 
together to form an array. The heat sink of each of the 
laser diode packages is attached to a backplane which 
is then connected to a thermal reservoir. The heat sink 
of each laser diode package may be soldered to an 
electrically insulative backplane, or attached to an elec- 
trically conductive backplane via electrically noncon- 
ductive, but thermally conductive materials such as 
thermal epoxies. Also, the exterior surface of each heat 
sink is provided with a groove to receive solder to join 
that heat sink with an adjacent lid. 

The above summary of the present invention is not 
intended to represent each embodiment, or every 
aspect, of the present invention. This is the purpose of 
the f igures and the detailed description which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Other objects and advantages of the invention will 
become apparent upon reading the following detailed 
description and upon reference to the drawings in 55 
which: 

FIG. 1 is an end view of the laser diode package of 
the claimed invention; 



FIG. 2 is a first side view of the laser diode pack- 
age; 

FIG. 3 is a second side view of the laser diode 
package; 

FIG. 4 is a top view of the laser diode package; 
FIG. 5 is an end view of a laser diode array incorpo- 
rating a plurality of laser diode packages; 
FIG. 6 is an isometric view illustrating the process 
of assembling the laser diode packages into the 
laser diode array of FIG. 5. 
FIG. 7 is an end view of an alternative laser diode 
package of the claimed invention; 
FIG. 8 is a first side view of the alternative laser 
diode package of FIG. 7; 

FIG. 9 is a second side view of the alternative laser 
diode package of FIG. 7; and 
FIG. 10 is a top view of the alternative laser diode 
package of FIG. 7; 

While the invention is susceptible to various modifi- 
cations and alternative forms, a specific embodiment 
thereof has been shown by way of example in the draw- 
ings and will herein be described in detail. It should.be 
understood, however, that it is not intended to limit the 
invention to the particular forms disclosed the contrary. 
The intention is to cover all modifications, equivalents, 
and alternatives falling within the spirit and scope of the 
invention as defined by the appended claims. , 



30 DETAILED DESCRIPTION OF THE INVENTION 



Referring initially to FIGS. 1-4, a laser diode pack- 
age 10 is illustrated in an end view. The laser diode ; 
package 10 includes a laser diode 12, a heat sink 14J, 
and a lid 1 7. The laser diode 12 is illustrated as emitting 
photons which are depicted as arrows. As illustrated 
best in FIG. 1, the laser diode 12 is "sandwiched" 
between the heat sink 14 and the lid 17. 

The laser diode 12 includes an emitting surface 20 
from which the photons are emitted and a reflective sur- 
face 22 positioned opposite the emitting surface 20. The 
height of the laser diode 12 is defined as the distance 
between the emitting surface 20 and the reflecting sur- 
face 22. The junction of the laser diode 12 where the 
photons are produced is nearest the heat sink 14 in the 
laser diode package 10. Electrical power is guided to 
defined regions of the junction by providing electrically 
conductive material in the laser diode 12 adjacent those 
regions and less electrically conductive material outside 
those regions. Consequently, the laser diode 12 has a 
plurality of emission points 24 (FIG. 4) on the emitting 
surface 22 corresponding to those regions where elec- 
trical energy is converted into light energy. When the 
electrical power is applied, photons propagate though 
the junction and are reflected off the reflecting surface 
22 such that emission only occurs at the emitting sur- 
face 20. 

The laser diode 12 further includes a first surface 
26 and a second surface 28 to which the heat sink 14 
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and the lid 17 are soldered. A first solder layer 30 
attaches the first surface 26 of the laser diode 12 to the 
heat sink 1 4. A second solder layer 32 attaches the sec- 
ond surface 28 of the laser diode 12 to the lid 17. Typi- 
cally, the solders used in the first and second solder 
layers 30 and 32 are the same, although they may be 
different. Common solders used at the first and second 
solder layers 30 and 32 include various materials having 
indium including pure indium, indium gallium alloys, 
indium tin alloys, and indium gallium tin alloys. In a pre- 
ferred embodiment, pure indium is used and deposited 
by thermal evaporation techniques. Generally, the thick- 
ness of the first and second solder layers 30 and 32 is in 
the range from about 1 micron to about 5 microns. 

The lid 17 has an upper end 40 near the emitting 
surface 20 of the laser diode 12 and a lower end 42 that 
at least extends beyond the reflective surface 22 of the 
laser diode 12. Thus, the height of the lid 17 defined 
between the upper end 40 and the lower end 42 is at 
. least slightly larger than the height of the laser diode 1 2. 
The lid 1 7 includes an inner surface 44 to which the sec- 
ond solder layer 32 is attached and an outer surface 46 
facing outwardly. 

The heat sink 14 has a top surface 50 and a base 
surface 52. The height of the heat sink 14 is defined as 
the distance between the top surface 50 and the base 
surface 52. The base surface 52 is the surface to which 
the laser diode package 10 attaches, directly or indi- 
rectly, to a thermal reservoir where the heat produced at 
the junction of the laser diode 12 is dissipated as 
described below in reference to FIG. 5. The heat sink 14 
further includes an interior surface 54 to which the first 
solder layer 30 is attached, and an exterior surface 56 
opposing the interior surface 54. 

The height of the heat sink 14 is typically less than 
approximately four times the height of the laser diode 
12. In one embodiment, the laser diode 12 has a height 
approximately 0.02 inch (0.5 mm) and the heat sink 14 
has a height less than 0.08 inch (2.0 mm). In a preferred 
embodiment, the height of the heat sink 14 is less than 
approximately two times the height of the laser diode 
12. By providing a reduced height heat sink 14, the ther- 
mal resistance between the junction where the heat is 
produced and the thermal reservoir is minimized. Con- 
sequently, the temperature rise at the junction of the 
laser diode 12 is reduced. 

The thickness of the heat sink 14, measured 
between the interior surface 54 and exterior surface 56, 
is generally greater than the thickness of the laser diode 
1 2 which is measured between its first and second sur- 
faces 26 and 28. In a preferred embodiment, the heat 
sink 14 is approximately 0.007 inch (0.18 mm) thick and 
the laser diode 12 has a thickness of approximately 
0.005 inch (0.13 mm). In another preferred embodi- 
ment, the thickness of the heat sink 14 is more than < 
about 10% of its height. The thicker the heat sink 14 is, 
the less thermal resistance the heat sink 14 has 
because the cross-sectional area through which the 
heat flows is increased. Increasing the thickness of the 



heat sink '14, however, reduces the packing density of 
an array of laser diode packages 10. 

Because the purpose of the lid 17 is primarily to 
provide structural integrity and a low resistance electri- 
5 cal contact to the laser diode 12 and not remove heat, 
the lid 1 7 has a lesser thickness than the laser diode 12 
and does not need to be coupled to the thermal reser- 
voir. Thus, the lid 17 generally has a height that is 
slightly longer than the height of the laser diode 12 and 
10 a thickness that is generally less than the laser diode 
12. In one embodiment, the thickness of the lid 17 is 
approximately 0.002 inch (0.05 mm) and its height is 
about 0.025 inch (-0.6 mm). 

The laser diode package 10 minimizes the likefi- 
is hood of electrical shorts between the heat sink 14 and 
the lid 1 7 because the lid 1 7 does not have a significant 
height and, therefore, a significant area to which arcing 
may occur. The gap between the heat sink 14 on its 
interior side 54 below the reflective surface 22 of the 
20 laser diode 1 2 and the lid 1 7 is filled with inert gas, usu- 
ally air. If the lid 17 and the heat sink 14 are made of 
flexible thin foils, there is a chance that the two pieces 
will bend and contact each other which leads to an elec- 
trical short. Thus, the short heights on the lid 1 7 and the 
25 heat sink 14, as have been described thus far, are pre- 
ferred. 

The heights of the lid 17 and the heat sink 14 are 
also configured to allow the access to the reflective sur- 
face 22 of the laser diode 1 2 for cleaning that surface 22 

30 after assembly. If the lid 17 and the heat sink 14 are 
made of flexible thin foils, then having a substantial 
height will likely lead to one or both of the pieces cover- 
ing the reflective surface 22. Consequently, short 
heights in the lid 17 and the heat sink 14 are also pref- 

35 erable for this reason as well. 

In some applications, the lid 1 7 may have a height 
that is approximately the height of the heat sink 14. 
Thus, the lower end 42 of the lid 1 7 may be bonded to a 
thermal reservoir as is the heat sink 14 and remove a 

40 portion of the heat produced by the laser diode 12. How- 
ever, because the junction of the laser diode 12 is near 
the heat sink 14, the removal of heat through the lid 17 
is not as effective as the removal of heat through the 
heat sink 14. 

<5 The length of the heat sink 14 and the lid 17, shown 
in FIGS. 2-4, is a function of the length of the laser diode 
12. Typically, the laser diode 12 has a length of approx- 
imately 1 cm, although variations exist which depend on 
the process by which the laser diode 12 is produced, 

>0 and also by the application. 

The overall thermal resistance between the junction 
of the laser diode 12 and the thermal reservoir is largely 
dependent on the thermal conductivity of the material 
used in the heat sink 1 4. Moreover, the electrical current 

f5 must flow from the heat sink 1 4, through the laser diode 
12, and into the lid 1 7 for the junction of the laser diode 
12 to convert electrical energy to radiative energy. Thus, 
the material of the heat sink 14 generally has a high 
thermal conductivity and is typically electrically conduc- 
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tive like copper, silver, or gold. Based on the relatively 
small thickness of the heat sink 14, the material of the 
heat sink 14 is supplied in the form of foil. It is then cut 
or etched into the shape of the heat sink 14. 

Alternatively, the heat sink 14 may be made of a s 
non-metallic material, such as diamond, boron nitride, 
aluminum nitride, or beryllium oxide, which have a high 
thermal conductivity. Such a heat sink 14 would require 
an electrically conductive metallized layer to provide a 
path through which the electrical current may flow. The w 
metallized layer would be on the interior surface 54 of 
the heat sink 1 4 near the laser diode 12, on the top sur- 
face 50, and on at least a portion of the exterior surface 
56. 

The material of the lid 1 7 is less critical to the ther- is 
mal performance of the laser diode package 10 than the 
material of the heat sink 14. Typically, the lid 1 7 is made 
of copper. 

To facilitate the joining of adjacent laser diode pack- 
ages 10, the heat sink 14 may include a groove 60 20 
extending along at least a substantial portion of the 
length of the heat sink 14 on its exterior surface 56 adja- 
cent the top surface 50. The attachment of adjacent 
laser diode packages 10 is illustrated in more detail in 
FIG. 5. The groove 60 typically extends into the heat 25 
sink 14 for a distance equal to approximately half of the 
thickness of the heat sink 14. The height of the grooves 
60 is generally less than the height of the laser diode 1 2. 
To join adjacent laser diode packages 10, solder is 
placed within the groove 60 such that the heat sink 1 4 is 30 
made integral with the lid 17 of the adjacent laser diode 
package 10. Typically, the solder placed into the groove 
60 is different than the solder placed in the first and sec- 
ond solder layers 30 and 32 which attach the laser diode 
12 to the heat sink 14 and lid 17, respectively. If the 35 
same solders were used, then the temperatures 
required to flow the solder in the groove 60 would likely 
cause the solder to ref low in the first and second solder 
layers 30 and 32 near the laser diode 12 such that the 
laser diode package 10 may become unassembled. 40 
Consequently, the solder chosen for the groove 60 has 
a melting temperature that is less than the melting tem- 
perature of the solder chosen in the first and second sol- 
der layers 30 and 32. 

The laser diode package 10 has several distinct 45 
advantages other than the enhanced thermal perform- 
ance associated with its geometry. Once the laser diode 
package 10 is assembled, the reflective surface 22 of 
the laser diode 12 can be accessed for cleaning which 
is typically accomplished by the use of solvents. Apply- so 
ing the solvents is easy since there are no structures 
obstructing their direct application to the reflective sur- 
face 22 due to the geometrical configuration of the ltd 1 7 
and heat sink 14. Cleaning of the reflective surface 22 
ensures than no solder or solder flux is present on the 55 
reflective surface 22 which may cause radiation to be 
absorbed and not reflected. Absorbed radiation creates 
high local temperatures that can lead to a catastrophic 
failure of the laser diode 12. 



The relative flexibility of the lid 17 and heat sink 14 
accommodates the inherent curvature that is present in 
the laser diode 12. This inherent curvature is due to the 
process by which the laser diode 12 is produced which 
involves the deposit of several layers of material on a 
substrate. The layers, which include materials having 
various coefficients of thermal expansion, are deposited 
at elevated temperatures. Once the layers have cooled 
and the substrate is cut, or cleaved, to produce the indi- 
vidual diode bars 12, the mismatch of coefficients of 
thermal expansion leads to the bending, or bowing, of 
the individual laser diodes 12. Because the lid 17 and 
the heat sink 14 are typically less than 0.010 inch thick 
and made of metal, they are flexible and, in essence, 
conform to the curvature of the laser diode 12. Not only 
is the laser diode 12 subjected to less stress because it 
is not being forced into a straight position as is the case 
in rigid packages, but the first and second solder layers 
30 and 32 can have a constant thickness along the ' 
entire length of the laser diode 12. This is important to 
ensure that the electrical resistance of the laser diode ' 
package 10, which is largely a function of the solder 
material used at the first and second soldering layers 30 
and 32, remains constant throughout the length of the 
laser diode 12. If the electrical resistance is not con- 
stant, then the flux of electrical current may be 
extremely large in the regions of less electrical resist- 
ance which can cause an uneven distribution of radia- 
tion from the laser diode 1 2. Furthermore, overheating 
of regions of the solder layers 30 and 32 and the adja- 
cent regions of the laser diode 12 may occur if voids 
exist in the solder layers 30 and 32 due to their uneven 
thicknesses caused by the curvature of the laser diode 
1 2. This ultimately decreases the service life of the laser 
diode 1 2 and possibly leads to catastrophic failure.**.. 

The laser diode package 10 can also be tested in 
an easy manner before it is further assembled into an 
array. Testing is necessary to characterize the laser 
diode 12 and ensure that each laser diode 12 placed 
into an array will perform adequately. For example, the 
threshold current is measured to determine the input 
current required before radiation is produced. The out- 
put power of the laser diode 12 is another parameter 
which is useful to know before placing the laser diode 
12 in an array. The threshold current and the output 
power are used to determine the efficiency of the laser 
diode 12. Also, the wavelength emitted from each laser 
diode 12 is not exactly the same and must be deter- 
mined. 

By laying the package 10 with its heat sink 14 
against an electrically and thermally conductive surface 
of a test station and providing a connector to the lid 1 7 
to close the electrical circuit, these characteristics men- 
tioned above can be tested. Moreover, the thermal 
capacity of the heat sink 14, determined by the specific 
heat and the density of the material of the heat sink 14, 
is enough to allow for low power testing of the laser 
diode package 10 (i.e. a few watts for a few millisec- 
onds). 
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Furthermore, when the heat sink 14 and the lid 1 7 
are produced from copper, the overall cost of packaging 
the laser diode 12 is relatively inexpensive. And, these 
materials are not hazardous or toxic which minimizes 
assembly costs since less precautions are necessary. 5 

FIG. 5 illustrates a laser diode array 100 having a 
plurality of laser diode packages 10 which are arranged 
in a substantially parallel configuration. The plurality of 
laser diodes packages 10 includes a first end one 10a 
and a second end one 10b. First and second end caps io 
102 and 104, to which first and second electrical lines 
106 and 108 are attached, are at either end of the laser 
diode array 100. The end caps 102 and 104 are made 
of an electrically conductive material, usually copper. 
Electrical current conducts from the first electrical line 15 
106, through the first end cap 102, through the plurality 
of laser diode packages 10, into the second end cap 
104, and out the second electrical line 108. 

The grooves 60 are filled with a solder which joins 
the heat sink 1 4 of one package 1 0 to a lid 1 7 of an adja- 20 
cent package 10. However, the groove 60 of the first end 
one 1 0b of the packages 1 0 is filled with solder to attach 
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within the grooves 60 assists in the conduction of elec- 
tricity between each package 10. The packages 10 can 25 
lack these grooves 60 and conduct electricity through 
the packages 10 if adequate contact pressure exists 
between the heat sink 14 of one package 10 and the lid 
1 7 of an adjacent package 10. 

In an alternative embodiment, the lids 17 may 30 
include grooves or notches for receiving solder. This 
may be in addition to, or independent of, the grooves 60 
that have been described thus far. 

The heat sink 14 of each of the laser diode pack- 
ages 10 is bonded to a backplane 1 10 which is further 35 
attached to a thermal reservoir 120 that completes the 
entire assembly. The backplane 110 is attached to the 
thermal reservoir 120 by a layer 122 which can be a sol- 
der joint or thermally conductive epoxies. The thermal 
reservoir 120 is typically a heat exchanger having inter- 40 
nal fins through which a fluid is circulated. Conse- 
quently, the thermal reservoir 120 is typically a 
conductive metal, such as copper. 

The backplane 110 is typically made of an electri- 
cally nonconductive material and thermally conductive 45 
material such as beryllium oxide, boron nitride, alumi- 
num nitride, or diamond. If the material is electrically 
nonconductive, the electrical power can not flow there- 
through (i.e. short) and bypass the laser diode pack- 
ages 10. The base surface 52 of each heat sink 14 is so 
soldered to metallized strips 1 12 on the backplane 110. 
The solder layer 1 14 has a thickness that is in the range 
from about 1 micron to about 0.002 inch and a width that 
covers at least the thickness of the heat sink 14. The 
solder layers 114 and metallized strips 112 are also 55 
present between each of the end caps 102 and 104, 
and the backplane 110. However, these end caps 102 
and 1 04 can be bonded to the backplane 1 1 0 with other 
materials as well, such as epoxies. 



In an alternative embodiment, the backplane 110 
can be electrically and thermally conductive (e.g. cop- 
per) as long as adequate protection is made to electri- 
cally insulate the heat sinks 14 from the backplane 1 10. 
This can be accomplished by vacating any solder bonds 
between those structures and replacing them with elec- 
trically insulative materials like epoxies. Preferably, the 
epoxy is a thermally conductive epoxy like metal-filled 
epoxy or diamond-filled epoxy. To further insulate the 
heat sinks 14 from a metallic backplane 110, the back- 
plane 1 10 can be coated with a thin dielectric such as 
silicon oxide prior to the epoxy being applied thereto. A 
layer of this dielectric with a thickness greater than 0.5 
micron provides adequate electrical insulation. 

In another embodiment, the backplane 110 is elim- 
inated and the packages 10 are bonded directly to the 
upper surface of the thermal reservoir 1 20 which acts as 
the backplane 120. If the thermal reservoir 120 is metal- 
lic, then the electrically insulative measures described 
in the previous paragraph are incorporated. If the ther- 
mal reservoir 120 is electrically non-conductive and 
made of the materials described above with reference 
io the eiectn'caiiy non-conduciive backpiane 110, then 
the heat sinks 14 can be soldered to the thermal reser- 
voir 120 as they are shown in FIG. 5 soldered to the 
backplane 110. 

FIG. 6 illustrates the process by which the laser 
diode packages 10 are soldered to the backplane 110 
on the strips 112. The strips 1 12 can be one continuous 
stripe 1 12a. Alternatively, the strip 1 12 can be a series 
of discontinuous pads 112b. The discontinuous pads 
1 12b can be in a variety of shapes including circular (as 
shown) or rectangular 

FIGS. 7-10 illustrate a laser diode package 210 that 
is very similar to the package 10 in FIGS. 1 -4. The only 
difference is the fact that groove 60 in FIGS. 1-4 is now 
replaced by a series of notches 260. The series of 
notches 260 serve the same purpose as the groove 60 
in that they join (i.e. make integral) a heat sink 214 of 
one package 210 to a lid 217 of an adjacent package 
210. The notches 260 are generally uniformly-spaced 
along the length of the heat sink 214. The height of the 
notches 260 is typically less than the height of the laser 
diode 212. The notches 260 typically extend into the 
heat sink 214 for a distance equal to approximately half 
of the thickness of the heat sink 214. 

Each of these embodiments and obvious variations 
thereof is contemplated as falling within the spirit and 
scope of the invention, which is set forth in the following 

Claims 

1 . A laser diode package, comprising: 

a laser diode having an emitting surface, a 
reflective surface opposing said emitting sur- 
face, and first and second surfaces between 
said emitting surface and said reflective sur- 
face, said laser diode having a diode height 
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defined between said emitting surface and said 
reflective surface; 

a heat sink having an interior surface, an exte- 
rior surface opposing said interior surface, a 
top surface and a base surface, said heat sink s 
having a heat sink height defined between said 
top surface and said base surface, said first 
surface of said laser diode being attached with 
a first solder to said interior surface of said heat 
sink, said base surface for being coupled to a io 
thermal reservoir for dissipating heat from said 
laser diode, said heat sink height being approx- 
imately less than four times said diode height; 
and 

a lid attached to said second surface of said is 
laser diode through a second solder. 



2. The laser diode package of claim 1 , wherein said lid 
has a height, said height being approximately equal 

to said heat sink height. 20 

3. The laser diode package of claim 2, wherein said lid 
has a bottom surface, said bottom surface being 
coupled to said thermal reservoir. 

25 

4. The laser diode package of claim 1 , wherein said lid 
has a height that is greater than said diode height 
and less than said heat sink height. 

5. The laser diode package of claims 1-4, wherein 30 
said heat sink is made of a material selected from 
the group consisting of copper, silver, and gold. 

6. The laser diode package of claims 1-5, wherein 
said first solder and said second solder are made of 35 
the same material. 

7. The laser diode package of claim 6, wherein said 
material includes indium. 

40 

8. The laser diode package of claims 1-4, wherein 
said heat sink is made of a material selected from 
the group consisting of diamond, beryllium oxide, 
aluminum nitride, and boron nitride, said heat sink 
further including a metallic layer on said top surface 45 
and portions of said interior and exterior surfaces. 

9. The laser diode package of claim 1, wherein said 
heat sink height is approximately less than two 
times said diode height. so 

1 0. The laser diode package of claim 1 , wherein said 
laser diode, said heat sink, and said lid each have a 
length, said lengths of said heat sink and said lid 
are slightly greater than said length of said laser £5 
diode. 

11. The laser diode package of claim 1, wherein said 
heat sink has a thickness, said thickness being 



greater than approximately 10% of said heat sink 
height. 

1 2. The laser diode package of claim 1 , wherein said lid 
has an upper end, a lower end, and a height 
defined between said upper end and said lower 
end, said upper end being near said emitting sur- 
face and said lower end being below said reflecting 
surface of said laser diode, a region below said 
reflective surface of said laser diode and between 
said heat sink and said lid defining a gap, said gap 
allowing said reflective surface to be exposed for 
cleaning after assembling of said laser diode pack- 
age. 

13. The laser diode package of claim 12, wherein said 
lid height and said heat sink height are configured 
to expose said reflective surface of said laser diode 
when attached to said laser diode. 

14. The laser diode package of claims 12-13, wherein 
said lid height is less than said heat sink height. 

15. The laser diode package of claim 1, wherein said 
laser diode package can be arranged in a parallel 
configuration with other laser diode packages to 
create a laser diode array, each of said laser diodes 
packages being in electrical contact with at least 
one other of said laser diode packages, said electri- 
cal contact being effectuated by contact between a 
heat sink of a first one of said laser diode packages 
and a lid of an adjacent second one of said laser 
diode packages. 

16. The laser diode package of claim 15, wherein said 
laser diode array further includes means for supply- 
ing electrical power to said laser diode packages; 

17. The laser diode array of claim 16, wherein said 
electrical supplying means includes first and sec- 
ond end caps and said parallel configuration of said 
laser diode packages includes a first end one and a 
second end one of said laser diode packages, said 
first end cap being positioned against a heat sink of 
said first end one of said laser diodes packages, 
said second end cap being positioned against a lid 
of said second end one of said laser diode pack- 
ages. 

18. The laser diode package of claims 15-17, wherein 
said array includes a backplane to which each of 
said base surfaces of said heat sinks is attached, 
said backplane including electrical insulating 
means to prevent an electrical short between adja- 
cent ones of said laser diode packages. 

19. The laser diode array of claim 18, wherein said 
backplane is made from an electrically insulative 
material to provide said electrical insulating means, 
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said backplane having a plurality of metallized 
strips, each of said base surfaces of said heat sinks 
being soldered to a corresponding one of said plu- 
rality of metallized strips. 

20. The laser diode array of claim 19, wherein each of 
said plurality of metallized strips includes a continu- 
ous stripe or a series of discontinuous pads. 

21. The laser diode array of claims 19-20, wherein said 
electrically insulative material is a material selected 
from the group consisting of beryllium oxide, alumi- 
num nitride, boron nitride, and diamond. 

22. The laser diode array of claim 18, wherein said 
backplane is made from an electrically conductive 
material, said electrical insulating means including 
an electrically nonconductive bonding material 
attaching each of said base surfaces of said heat 
sinks to said backplane. 

23. The laser diode array of claim 22, wherein said 
electrical insulating means further includes a die- 
lectric coating or a thermally conductive epoxy. 



24. The laser diode array of claim 15, wherein each of 
said heat sinks includes an exterior surface with a 
groove thereon adjacent said top surface, each of 
said grooves extending along the length of said 
heat sink and for receiving a third solder to join said 
heat sink to a lid of an adjacent one of said laser 
diode packages. 
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and a top surface; 

providing a lid having an upper end and a lower 
end; 

soldering said laser diode between said lid and 
said heat sink, said upper end of said lid and 
said top surface of said heat sink being approx- 
imately coplanar with said emitting surface of 
said laser diode, said reflective surface being 
exposed without an obstructing structure posi- 
tioned therebelow and between said base sur- 
face of said heat sink and said lower end of 
said lid; and 

accessing said reflective surface of said laser 
diode and cleaning said reflective surface. 

30. The method of claim 29, wherein said step of clean- 
ing includes the step of applying solvents. 



20 



31. 



32. 



25 



30 



The method of claim 29, wherein a height of said 
heat sink defined between said top surface and 
said base surface permits exposure of said reflec- 
tive surface. 

The method of claim 31, wherein said laser diode 
has a height defined between said reflective sur- 
face and said emitting surface, said heat sink height 
being less than approximately four times said laser 
diode height. 



25. The laser diode array of claim 24, wherein each of 
grooves has a groove height, said groove height 
being approximately less than said diode height. 



35 



26. The laser diode array of claim 15, wherein each of 
said heat sinks includes an exterior surface with a 
series of notches thereon adjacent said top surface, 40 
each of said notches extending along the length of 
said heat sink and for receiving a third solder to join 
said heat sink to a lid of an adjacent one of said 
laser diode packages. 

45 

27. The laser diode array of claim 26, wherein each of 
notches has a notch height, said notch height being 
approximately less than said diode height. 



28. The laser diode array of claims 24-27, wherein a so 
flow temperature of said first and second solders is 
greater than a flow temperature of said third solder. 

29. A method producing a laser diode package com- 
prising the steps of: 55 

providing a laser diode having an emitting sur- 
face and a reflective surface; 
providing a heat sink having a base surface 
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(54) High efficiency laser diode packaging 

(57) A laser diode package includes a laser diode, a 
heat sink and a lid. The laser diode has an emitting sur- 
face, a reflective surface opposing the emitting surface, 
and first and second surfaces between the emitting sur- 
face and the reflective surface. The laser diode has a 
diode height defined between the emitting surface and 
the reflective surface. The heat sink has an interior sur- 
face, an exterior surface opposing the interior surface, a 
top surface and a base surface. The height of the heat 
sink is defined between the top surface and the base 
surface and is approximately less than four times the 
laser diode height. The first surface of the diode is 



attached to the interior surface of the heat sink with a 
first solder. The base surface of the heat sink is coupled 
to a thermal reservoir. 

The lid is attached to the second surface of the laser 
diode via a second solder. An upper end of the lid is 
near the emitting surface of the laser diode. A lower end 
of the lid is typically slightly below the reflecting surface 
of the laser diode. A plurality of laser diode packages 
are grouped together to form an array. The heat sink of 
each of the laser diode packages is attached to a back- 
plane which is then connected to a thermal reservoir. 
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